In this paper an analytical description of spin-effects in hadronhadron scattering is presented by using PMD-SQS-optimum principle in which the differential cross sections in the forward and backward c.m. angles are considered fixed from the experimental data. The experimental tests of the optimal predictions, obtained by using the available phase shifts, are discussed.
Introduction
Recently, in Ref. [1] , by using reproducing kernel Hilbert space (RKHS) methods [2] [3] [4] , we described the quantum scattering of the spinless particles by a principle of minimum distance in the space of quantum states (PMD-SQS). Some preliminary experimental tests of the PMD-SQS, even in the crude form [1] when the complications due to the particle spins are neglected, showed that the actual experimental data for the differential cross sections of all principal hadron-hadron [nucleon-nucleon, antiproton-proton, meson-nucleon] scatterings at all energies higher than 2 GeV, can be well systematized by PMD-SQS predictions (see the papers [1] ). Moreover, connections between the PMD-SQS and the maximum entropy principle for the statistics of the scattering quantum channels was also recently established by introducing quantum scattering entropies: S θ and S J [5] - [7] . Then, it was shown that the experimental pion-nucleon as well as pion-nucleus scattering entropies are well described by optimal entropies and that the experimental data are consistent with the principle of minimum distance in the space of quantum states (PMD-SQS) } [1] . However, the PMD-SQS in the crude form [1] cannot describe the polarization J-spin effects.
In this paper an analytical description of spin-effects in hadron-hadron scattering is presented by using PMD-SQS-optimum principle in which the differential cross sections in the forward (x=+1) and backward (x=-1) directions are considered fixed from the experimental data. An experimental test of the optimal prediction on the logarithmic slope b is performed for the pion-nucleon scattering at the forward c.m. angles.
Optimal state description of pion-nucleon scattering
First we present the basic definitions on the the pion-nucleon scattering:
Therefore, let f ++ (x)and f +− (x), be the scattering helicity amplitudes of the meson-nucleon scattering process (see ref.
[14]) written in terms of the partial helicities f J− sand f J+ as follows
where P l (x)are Legendre polynomials,
scattering angle. The normalization of the helicity amplitudes f ++ (x) and f +− (x), is chosen such that the c.m. differential cross section is given by
Then, the elastic integrated cross section is given by
Now, let us consider the following optimization problem:
when dσ dΩ (+1) and dσ dΩ (−1) are fixed. We proved that the solution of this optimization problem is given by the following results :
while the optimal angular momentum is given by
Now, let us consider the logarithmic slope b of the forward diffraction peak defined by
Then, using the definition of the rotation functions, from (70- (6) we obtain the following optimal slope b o :
Optimal predictions on the differential cross section dσo dΩ (x) and also for the spin-polarization parameters (P o , R o , A o ), are as follows.
where
Finally, we note that in ref.
[15] we proved the following optimal inequality
which includes in a more general and exact form the unitarity bounds derived by Martin [8] and Martin-MacDowell [9] (see also ref. [10] ) and Ion [1] , [11] .
Experimental test of the PMD-SQS-optimal predictions
For an experimental test of the optimal result (13) 
Conclusions
The main results and conclusions obtained in this paper can be summarized as follows: (i) The optimal state dominance in hadron-hadron scattering at small transfer momenta for p LAB ≥ 2 GeV/c is a fact well evidenced experimentally by the results presented in Figs. 1-2.
(ii) In the low energy region, the optimal slope (13) Finally, we hope that our results as well as those from ref.
[15] are new steps towards an analytic description of the quantum scattering in terms of an optimum principle, namely, the principle of minimum distance in space of quantum state (PMD-SQS) [ Table 2 : PMD-SQS optimal predictions for π + P → π + P , calculated using the experimental phase shifts solutions from ref.
[14] Figure 1 : The experimental logarithmic slopes (b exp ) of the diffraction peak, for the forward π + P → π + P scattering, are compared with the PMD-SQSoptimal predictions b o (13) (see the text and Table 1 ). Figure 2 : The experimental logarithmic slopes (b exp ) of the diffraction peak, for the forward π + P → π + P scattering, are compared with the PMD-SQSoptimal predictions b o (13) (see the text and Table 2 ).
